To present and compare maternal and neonatal effects of two remifentanil dosing regimens, used during induction-delivery period of elective caesarean section in attempt to attenuate maternal cardiovascular response to surgical stress. Methods Seventy-seven ASA I-II parturients were randomly divided into three groups and received the following: A -1 µg/kg remifentanil immediately before the induction to anesthesia followed by 0.15 µg/ kg/min infusion, interrupted after skin incision; B -1 µg/kg remifentanil bolus immediately before the induction; C -no remifentanil until delivery. Hemodynamic (blood pressure, heart rate) and bispectral index changes after endotracheal intubation, skin incision, peritoneal incision and delivery, intraoperative anesthetics consumption and neonatal outcome have been compared between the groups. Results Hemodynamic response to intubation was significantly attenuated (p < 0.001) in groups A and B compared to C. Hemodynamic response to skin incision, peritoneal incision and delivery was significantly attenuated in group A compared to B and C. Thiopentone dose in groups A and B was lower than in group C (p < 0.001); sevoflurane and remifentanil consumption was less in group A compared to B and C (p < 0.001). Apgar scores at 1st minute were ≥ 8 in all neonates, with no differences in neonatal heart rate, oxygen saturation and umbilical blood gas values (all within normal range). Conclusion 1 µg/kg remifentanil bolus followed by 0.15 µg/kg/min stopped after skin incision, successfully blunted maternal hemodynamic stress response throughout whole induction-delivery period, reduced anesthetic consumption, without affecting neonatal outcome, so it can be considered effective as well as safe to use during induction-delivery period of caesarean section.
INTRODUCTION
When performing general anesthesia for caesarean delivery, anesthetists can experience conflicting situation called "the dilemma of obstetrics anesthesia. " It is important to ensure an appropriate maternal level of anesthesia, while avoiding neonatal respiratory depression caused by the medications that parturient receives [1, 2] . Resolving the problem of neonatal well-being by reducing as much as possible doses of anesthetics given to the mother and omission of opioids during induction to delivery period (I-D), result in light anesthesia with increased risk of intraoperative awareness and exaggerated neuroendocrine stress response to surgical stress, possibly leading to severe cardio-and cerebrovascular complications [1] [2] [3] [4] [5] . Remifentanil, ultra-short acting synthetic opioid, could be the appropriate drug to use for the attenuation of maternal stress response during the I-D interval, where a brief but intense analgesia without prolonged effect is desirable [2, 4, [6] [7] [8] [9] . Remifentanil has rapid onset of action (1-1.5 min.), rapid redistribution and metabolism dependent on nonspecific tissue and plasma esterases; its context sensitive half time is three min; it crosses the placenta, but appears to be rapidly metabolized and redistributed in the fetus, leaving the small possibility of neonatal adverse effects [2, 4, 7, 9, 10] .
In studies reporting the use of remifentanil during the I-D period dosing regimens were different; hemodynamic stability was often achieved at the expense of neonatal respiratory depression [2, 4, [6] [7] [8] [9] [11] [12] [13] [14] [15] [16] . In the present study, we investigated the effects of two remifentanil dosing regimens, used during the I-D period, on maternal hemodynamics and neonatal outcome in attempt to find the best compromise between the attenuation of maternal stress response and avoidance of neonatal adverse effects.
METHODS
The study was institutionally approved and has Medical faculty of Niš Research Ethics Committee approval No 12-2466-1. Seventyseven ASA physical status I-II women with singleton term pregnancy, who were scheduled for elective caesarean section and have given written informed consent, were enrolled in this DOI: https://doi.org/10.2298/SARH180807050K prospective, randomized controlled study, performed at Clinic of Gynecology and Obstetrics Niš, from April 2015 until July 2017. Exclusion criteria were maternal morbidity and signs of fetal compromise. All patients refused or had absolute/relative medical contraindications to regional anesthesia.
In the operating room, patients were placed supine with left uterine displacement, standard monitoring -non-invasive blood pressure, electrocardiography, pulse oxymetry, capnography (using bed side monitor, model BSM-2301k, Nihon Kohden Corporation, Tokyo, Japan) and bispectral index (BIS) electroencephalogram (BIS-Vista monitoring system Norwood, Massachusetts, USA) was initiated and two intravenous lines established, one for remifentanil infusion (using Perfusor fm B/Brown, Melsungen AG, Germany), the other for the administration of other medications and fluids.
Patients were randomly allocated (using envelope method) to one of the following groups:
1. A -31 patients received 1 µg/kg remifentanil bolus over 30 seconds immediately before the induction, followed by 0.15 µg/ kg/min infusion that was stopped after the skin incision. 2. B -27 patients received 1 µg/kg remifentanil bolus over 30 seconds immediately before the induction 3. C (control) -19 patients did not receive remifentanil until delivery of the baby. Anesthesia was induced with thiopentone, starting with 3 mg/kg, followed by additional 25 mg boluses until adequate depth of anesthesia had been reached (BIS values under 60, but not below 40); succinylcholine was administered in a dose of 1.5 mg/kg. Anesthesia was maintained with 1-1.5% end-tidal sevoflurane and 50% nitrous oxide in oxygen. Further muscle relaxation has been provided with rocuronium 0.6 mg/kg. The lungs were mechanically ventilated to maintain end-tidal PCO 2 of 28-32 mmHg, with fresh gas flow of 6 l/min. SAP, DAP, MAP (systolic, diastolic, main arterial pressure, respectively), HR (heart rate) and BIS were measured and recorded at basal time (T0) and 30 seconds after induction to anesthesia (T1), endotracheal intubation (T2), skin incision (T3), peritoneal incision (T4), delivery (T5) and also in two-minute intervals from the delivery until the end of operation.
After delivery, neonatologist blinded to group assignment assessed neonates and recorded the time to sustained respiration, Apgar score at 1st and 5th minute, HR, SpO 2 and, if required, resuscitative measures (tactile stimulation, beg-mask ventilation, endotracheal intubation or naloxone administration). We took arterial and venous blood samples (in heparinized syringes) from a double-clamped umbilical cord, for blood gas analysis (using Gem Premier 3000 Blood Gas/ Electrolyte Analyzer, Model 5700, Instrumentation Laboratory Company, Bedford, Massachusetts, USA).
In the later course of the operation, sevoflurane and remifentanil were titrated according to BIS values and presence/absence of signs of intraoperative surgical stress (autonomic, somatic, hemodynamic). Sevoflurane and nitrous oxide were discontinued at the moment of skin closure, residual neuromuscular block antagonized using neostigmine and atropine, and remifentanil infusion rate reduced to 0.07 µg/kg/min. The trachea was extubated when spontaneous respiratory rate reached > 10 breaths/ min., end-tidal CO 2 < 45 mmHg and the patient became responsive to verbal commands. Remifentanil infusion was then stopped. The presence of intraoperative awareness was checked two and 24 hours after the operation by using Brisce questionnaire: What is the last thing you remember before you slept? What is the first thing you remember when you woke up? Do you remember anything between sleeping and waking up? Did you dream of anything during the sleep period of your operation? [5] .
Our main goal was to compare between groups the remifentanil effect on changes of maternal hemodynamic values during I-D period and on neonatal outcome.
Our second goal was to study the influence of remifentanil on anesthetics consumption
Statistical analyses
The calculation of sample size showed that 15 patients per group would have 90% power with p < 0.01 to detect a difference in SAP of 15 mmHg in response to intubation.
Statistical analysis was performed using SSPS statistic package, version 13 (SPSS Inc., Chicago, IL, USA). Normal Figure 1 . Serial systolic, diastolic, main arterial pressure and heart rate measurements -from T0 to T5; SAP -systolic arterial pressure; DAP -diastolic arterial pressure; MAP -main arterial pressure; HR -heart rate; T0 -basal values; T1 -induction of anesthesia; T2 -intubation; T3 -skin incision; T4 -peritoneal incision; T5 -delivery; group A -remifentanil bolus + infusion; group B -remifentanil bolus; group C -control distribution was evaluated with Kolmogorov-Smirnov test. Analysis of variance (ANOVA) was used for parameters comparison between three groups, with subsequent post hoc analysis. In cases of irregular data distribution, Kruskal-Wallis test was utilized, with subsequent post hoc analysis with Mann-Whitney U-test. The χ 2 test was used to verify the relation between categorical variables. The statistic hypothesis was tested on the significance level for risk of α = 0.05; the difference between samples was considered significant if p < 0.05.
RESULTS
The patients' characteristics and surgical details are summarized in Table 1 ; no differences between the groups have been observed. Tables 2-7 and Figure 1 represent serial hemodynamic values measured at T0 to T5. Baseline (Table 2 ) and post-induction values (Table 3) did not differ between the groups except for SAP and HR (B vs. C), but without clinical significance. After the intubation SAP, DAP, MAP, and HR rose significantly in group C compared to A and B (Table 4) .
After skin incision, hemodynamic variables were still significantly higher in group C compared to A, but not compared to B -values in group B began to rise (Table 5) .
After peritoneal incision significant difference in SAP, MAP and HR between groups A and C persisted. Significant difference in SAP, DAP and MAP between groups A and B appeared (Table 6) .
After delivery, SAP and HR were still significantly higher in group C than in A and SAP and MAP significantly higher in B than in A (Table 7) .
BIS values rose significantly after the intubation in all groups compared to preintubation values (46-66). In subsequent measurements, BIS values were 58-67 and did not differ between the groups.
Thiopentone dose used for induction in groups A and B was significantly lower than in C (Table 8) . Sevoflurane consumption (Table 8 ) during I-D interval was significantly lower in group A compared to B and C, and lower in B compared to C. After the delivery until the end of the operation sevoflurane, as well as remifentanil consumption was significantly lower in group A compared to B and C (Table 8) .
During the operation there were no episodes of hypotension and bradycardia; blood loss and oxytocin consumption where in the average range, with no difference between groups. Maintenance of low remifentanil infusion after the end of surgery allowed smooth emergence from anesthesia without a delay in recovery -patients were extubated within 2-3 minutes after surgery. None of them complained of intraoperative awareness in an interview performed two and again 24 hours after the operation. Neonatal outcome is presented in Table 9 , with no differences between groups in any of estimated variables: 77.4% of neonates in group A, 81.5% in group B and 73.7% in group C started breathing immediately after delivery. The rest of them needed only brief tactile stimulation (12.9%, 7.4%, 15.8%, respectively) or bag mask ventilation (9.7%, 11.1%, 10.5%, respectively) (χ kw 2 = 4.365; p = 0.359%). Umbilical blood gas values were within normal range and did not demonstrate significant differences between groups (Table 10) .
DISCUSSION
During the past two decades, numerous authors reported the use of remifentanil during I-D period of caesarean section in order to attenuate maternal stress response to endotracheal intubation and surgical incision. Van de Velde et al. [9] , using 0.5 µg/ kg remifentanil bolus followed by 0.2 µg/ kg/min infusion until delivery, managed to attenuate maternal stress response, but brief respiratory depression was present in half of the newborns. Ngan Kee et al. [7] , using 1 µg/kg remifentanil bolus, provided attenuation of maternal BP and HR response, but 10% neonates needed naloxone. Behdad et al. [11] accomplished reduction of SAP and DAP, but not HR, with a remifentanil bolus of 0.5 µg/kg, without neonatal respiratory depression. Draisci et al. [6] , using 0.5 µg/kg bolus plus 0.15 µg/ kg/min. remifentanil infusion, interrupted at the moment of peritoneal incision, observed partially obtunded neuroendocrine response to surgery, with lower Apgar scores at 1st minute, respiratory depression or required endotracheal intubation in 14% of neonates. It seems that initial 0.5 µg/kg bolus might have been insufficient to accomplish the attenuation of maternal stress response and, on the other hand, that remifentanil infusion, prolonged until peritoneal incision, caused neonatal respiratory depression (the time interval between peritoneal incision and delivery was only 2.8 min.) [6] . Noskova et al. [12] , using 1 µg/kg remifentanil, observed higher incidence in lower Apgar scores at 1st minute compared to control, possibly because of short I-D interval (4 min.). Yoo et al. [13] administered 1 µg/kg remifentanil and effectively attenuated hemodynamic response to intubation, but at the expense of maternal hypotension and greater need for neonatal resuscitative measures in the first minutes after delivery. Reduced catecholamine response compared to control was noted at the intubation, but not at delivery, so a single remifentanil dose did not manage to prevent catecholamine rise during the whole period. Hu et al. [10] measured umbilical arterial and venous remifentanil concentration at delivery and proved rapid remifentanil metabolism in fetal circulation, but emphasized that it can be affected by the differences in dosing regimens.
Based on reported data, we created a dosing regimen of 1 µg/kg remifentanil bolus given immediately before the induction, followed by 0.15 µg/kg infusion stopped after skin incision, in attempt to establish both safe and effective regimen that can be used in obstetric clinical practice during I-D period of caesarean section, and compared its maternal and neonatal effects with regimens of sole 1 µg/ kg remifentanil bolus and with remifentanil-free control (traditionally performed anesthesia during I-D period). We hypothesized that remifentanil infusion would provide hemodynamic stability during both endotracheal intubation and surgical incision. Earlier infusion interruption than in previous studies (after skin incision instead of at peritoneal incision or even at delivery) should leave enough time for remifentanil redistribution and metabolism in fetal circulation, thus diminishing the probability of neonatal respiratory depression. Hemodynamic variables measured after the intubation in groups A and B were significantly lower than in group C. Therefore, both regimens attenuated cardiovascular response to endotracheal intubation, which is in accordance with previous reports [4, 9, [12] [13] [14] [15] [16] . The next measurement, performed after skin incision, already showed the difference: the significant difference in SAP, DAP, MAP, and HR between groups B and C disappeared, but persisted in A compared to C. At the time of peritoneal incision and at the delivery measured hemodynamic variables were significantly lower in group A compared to both C and B group. It appears that remifentanil bolus plus infusion regimen (group A) effectively blunted cardiovascular response during entire I-D period whereas sole remifentanil bolus (group B), was not effective enough to provide hemodynamic stability in a period following intubation.
Synergism between remifentanil and anesthetics has been described in numerous studies [17, 18, 19] . Our results are in agreement with those data. Thiopentone dose was significantly lower in remifentanil groups than in control. Prolonged remifentanil infusion in group A provided significantly diminished sevoflurane requirements during I-D period, and also during the rest of operation. We believe that adequate analgesia, achieved in group A before the start of noxious stimulation and kept during surgical incision (preemptive approach), caused lower remifentanil consumption in a period from delivery until the end of the operation.
In our research, remifentanil administration did not affect BIS values, which is in agreement with other reports [5, 6, 13] . BIS values are the reflection of hypnotic drugs action on cerebral cortex, whereas opioids act primarily on subcortical level, and their sedative effects cannot be detected by BIS monitoring. When appropriate BIS level during remifentanil/sevoflurane based anesthesia is considered, it is emphasized that attempts to maintain the target BIS of 40-60 would lead to an excessively deep level of anesthesia and 50-150% higher end-tidal sevoflurane concentration than actually needed [20] . BIS values in our research remained 58-68 throughout the whole operation. Nevertheless, even with reduced anesthetic consumption in remifentanil groups (especially in group A), the achieved hypnotic state was adequate, estimated by the absence of somatic, autonomic and hemodynamic responses to noxious stimuli, but also by the absence of explicit memory of operation period.
Our results did not demonstrate negative remifentanil effects on neonatal outcome. Opposite to the results from mentioned studies all neonatal Apgar scores at 1st minute were ≥ 8; oxygen saturation and HR were within normal range and without differences between groups [6, 7, 9, 12, 13] . Majority of neonates started breathing within a few seconds after delivery; the rest of them needed only brief (up to one minute) tactile stimulation or bag mask ventilation. Similarly to other studies, we did not find differences in umbilical blood gas analysis, and all values were within normal range [6, 7, 12, 13, 21, 22] .
CONCLUSION
Our dosing regimen of remifentanil bolus given at the induction, followed by infusion interrupted after skin incision, effectively prevented significant rise in BP and HR during entire I-D period without compromising neonatal wellbeing and significantly diminished anesthetics consumption, so it can be considered effective as well as safe to use during I-D period of caesarean section.
